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Trip H
STRUCTURE AND STRATIGRAPHY OF THE NANTASKET LOCALITY1
Kenneth G, Bell .  U ,S„ G eologica l  Survey
The field trip to the Nantasket loca l i ty  will show some structural
features of the southeast  margin of the Boston Basin and some of the s tra t i ­
graphic detail  of a sequence  of interlayered sedimentary and volcanic  rocks that 
is  a part of the Boston Bay Group. The sedimentary rocks are composed mainly
of vo lcanic  detritus of loca l  origin.
General Features
The terrain in the vicinity  of Nantasket is  within the Seaboard Lowland 
sect ion  of the New England physiographic province as  described by Fenneman 
(1933). The bedrock surface is  a Peneplane d isse c te d  by narrow, shallow stream 
va l leys ;  it is  rough and hummocky in minor detail  but has no conspicuous 
h i l l s .  The land slopes almost imperceptibly toward the co as t  Many small i s ­
lands and submerged reefs  and ledges indicate  that the gentle  slope continues 
under the o cean .  The terrain is  characterized by numerous low, almost bare rock 
knobs and ridges between which is a thin mantle of g lac ia l  drift and so i l  and 
many small marshes and swamps. Northwest of Nantasket Beach are several drum­
lins connected by sand p la in s ,  b ars ,  and beach es  devoid of outcrops.
Structure
The Nantasket lo ca l i ty  is  on the south margin of the Boston Basin which 
is a depressed part of the Seaboard Lowland Here the margin of the basin is  a 
fault zone at le a s t  2 miles wide trending approximately N, 70° E, The major 
faults str ike northeast to e a s t ,  have displacem ents  of tens of feet  to possib ly  
a few hundred feet;  the downthrown s ides  are to the north Between major faults 
are multitudes of anastomosing faults having northeast to southeast  s t r ik e s ,  
steep to vertical  d ips,  and displacem ents  of a few inches to a few tens of fe e t ,  
with the downthrown sides  in most in s ta n ce s  on the north
A few faults trending generally north-south and having nearly vertical  
dips and displacements of a few feet  to possibly  a few tens of feet probably 
formed concurrently with compressional folding of the Boston Basin.
The south part of Hull and the northeast part of Hingham, areas that in­
clude all  the outcrops of the Boston Bay Group in the Nantasket lo ca l i ty ,  form
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a northeast-plunging sy n c l in e .  Complex faulting and lenticular strata preclude 
p rec ise  estimation of plunge, but it is probably between 10° and 2 0 ° ,  S u c c e s s i v e ­
ly younger units of the Boston Bay Group are exposed from west to eas t  along the 
a x is  of the sy n c l in e .
Bedrock Geology
The rocks in the Nantasket lo ca l i ty  are granodiorite and a s s o c ia te d  aplite 
that Emerson (1917) included with the Dedham Granodiorite; vo lcan ic  and s e d i ­
mentary rocks of the Boston Bay Group; and severa l  kinds of d ik e s .  All these  
rocks are nonfo s s i l i f e r o u s , and they are not a s s o c ia te d  with fo ss i l i fe ro u s  rocks 
in other l o c a l i t i e s .  In the v ic in ity  of N antasket ,  conglomerates within the Bos­
ton Bay Group contain fe l s i t e  boulders that almost certa inly  came from the Lynn 
Volcanic Complex. In other lo c a l i t i e s  conglomerates within the Boston Bay Group 
contain boulders eroded from the Mattapan Volcanic  Complex. These vo lcanic  
rocks generally  are considered to have been erupted during the middle part of 
the Paleozoic  era .  The Boston Bay Group seems to have been deposited shortly 
after  eruption of the Lynn and Mattapan vo lcan ic  ro ck s .  An erosional unconfor­
mity separates  the Boston Bay Group and the older granodiorite.  Most of the 
dikes m rhe Nantasket loca l i ty  were emplaced during the volcanism that pro­
duced the v o lca n ic  rocks in the Boston Bay Group. A few dikes seem to be 
younger and may be among th o se  generally  thought to be of T r ia s s ic  age .
The granodiorite i s  predominantly a medium- to co arse -g ra in ed  granit ic -  
textured r o c k , but in p laces  it is  porphyritic. Quartz, m icrocl ine ,  and plagio­
c l a s e  generally  const i tu te  at l e a s t  90 percent of the rock ,  though the proportions 
of the ma-.or const i tuen ts  v a r y  consid erab ly .  Aggregates of ch lor i te ,  epidote,  
and hornblende seem to be remnants and products of partial deuteric  alteration of 
original mafic co n s t i tu en ts .  P lag io c lase  generally  is sa u ssu r i t iz e d ,  in p laces  
only s l ig h t ly ,  and e lsew here  so much that twinning features are almost obscured. 
Pale pink apli te  is abundant and in p la ces  occurs as  large irregular dikelike 
m a s s e s .  Xenoliths of older rocks can be seen at several  p la c e s .  Xenoliths in 
rhe c l i f f s  along the C o h a sse t  shore ,  e a s t  of Nantasket Beach ,  are rather f ine­
grained amphibolites;  those in the v ic in ity  of Little Harbor, C o h a s s e t ,  and 
Strawberry Point, S c i tu a te ,  are diorite.
The Boston Bay Group c o n s i s t s  of interlayered agglom erates ,  a n d e s i te s ,  
tu f fs ,  tuffaceous s h a l e s ,  and conglom erates .  These rocks were laid down in 
quick s u c c e s s i o n ,  in part,  at l e a s t ,  in a subaqueous environment. The princi­
pal source of v o lcan ic  material was an explosive  volcano e a s t  or northeast of 
the Nantasket lo c a l i ty .  The sedimentary rocks are predominantly agglomerates;  
tuffs and tuffaceous sh a le s  generally  occur as thin b e d s ,  and conglomerates 
composed of wave-worn co b b les  and boulders occur infrequently. The th ick n ess  
of various units changes considerably  within short d i s t a n c e s ,  and some units
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are small lenticular  deposits .  This c ircu m stan ce ,  combined with intr icate  faul­
ting that c a u s e s  repetition and cutting out of units in several p la c e s ,  makes 
stratigraphic correlation diff icult  and uncertain.
The b asa l  unit of the Boston Bay Group in the Nantasket loca l i ty  is  a 
coarse  mixture of agglomerate and conglomerate It res ts  upon a rough granodi­
orite surface and contains considerable  arkose and boulders from the underlying 
rock. Much of the volcanic  detritus is more s i l i c i c  than the loca l  a n d e s i te s ,  
indicating origin from older flows and from terrain some d is tance  away.
Agglomerates higher in the group are composed mainly of vo lcanic  debris 
having virtually the same composition as  enclosing flows and le s s e r  quantities 
of the s i l i c i c  vo lcan ic  rocks, and granodiorite ,
The Nantasket vo lcanic  rocks are altered a n d e s i te s .  The flows were 
erupted from lo ca l  v e n ts ,  and some of them apparently covered only small parts 
of the area .  The alteration was deuteric and probably was modified by action 
of sea  water upon the la v a s .  P la g io c la se ,  ch lor i te ,  and epidote are the major 
constituents  of th e se  ro ck s ,  and magnetite is  the principal minor constituent,
Most of the rocks contain no primary quartz, but quartz and Calcite  may be 
rather abundant secondary con st i tu en ts ,  There are four groups of flows: 1)
h igh ly-a l tered ,  dark-greenish-gray  flows that rest  upon the basa l  agglomerate 
and are exposed only in the western part of the loca l i ty ;  2) l igh t-green ish -  
gray to dark-reddish-gray porphyries composed mainly of small p lag io c la se  pheno­
crysts  in a groundmass of p la g io c la se  microlites and iron oxides;  these  rocks 
are exposed in c l i f f s  southwest of the amusement park, Green Hill Rock and the 
larger of the Black Rocks; 3) dark-greenish-gray  to reddish-gray,  partly amyg­
daloidal flows that are considerably altered; th e se  flows are exposed between 
George Washington Boulevard and Straits  Pond; and 4) g reen ish -g ray ,  partly 
amygdaloidal f low s,  some having pillow structures and others being highly frag­
mental,  and enclosing beds of greenish-gray  tuff and minor dark-red tuffaceous 
shale ;  th ese  flows are exposed on Atlantic Hill and along the shore from Long 
Beach Rock to the west  end of C rescent  Beach,
There are many dikes in the Nantasket lo ca l i ty ,  In general the dikes 
are parallel  to the fa u lts ,  and although minor s l ips  have occurred along one or 
both walls of some of them, substantia l  faults occur along only a few dikes 
Most of the dikes seem to be related to the vo lcan ic  act iv ity  that produced the 
andesite  flows; th ese  dikes are older than the faults
Features of Outcrops to be visited
Stop No. 1 is  at a quarry on the e a s t  side of George Washington Boule­


































m a r t i n *  V
in co a rse -g ra in ed ,  somewhat porphyritic granodiorite. Much of this rock is com­
posed of irregular pink microcline phenocrysts in a greenish crysta l l ine  groundmass 
There are zones a few feet  wide of purplish-red, finer grained granodiorite that 
has been partially granulated and then cemented with microcline and quartz; this 
granulated rock has some of the features of a mylonite, and its  color is  due to 
f inely dispersed hematite.  Some large irregular dikelike m asses  of light pink 
aplite  are exposed on the quarry w a l ls .  A few dark- greenish-gray  dikes are assoc :  
ated with the loca l  vo lcan ic  rocks;  one of th ese  dikes exposed on the west wall 
of the quarry has been broken and displaced by a small fault.
Stop No. 2 is  at a rocky point on Worlds End Estates  in the north part 
of Hingham. This point forms the west shore of Weir River estuary. It is  
reached by going to the gate  of Worlds End E sta tes  at the north end of Martins 
Lane and then walking about. one-half mile northeastward along either one of two 
t ra i ls .  Bedrock along Martins Lane and the e a s t  side of Worlds End Estates  to 
about 1 ,0 0 0  feet  south of the north end of the rocky point is  granodiorite. The 
topography and alignment of outcrops re f lec t  the fault pattern. A northwesterly 
trending ridge c r o s s e s  the rocky point about 1 ,0 0 0  feet  south of its  northern tip. 
The ridge is  bounded on the north and southwest s ides  by faults ;  that along the 
north side is  one of the major faults  of the Nantasket lo c a l i ty ,  and its  down­
thrown side i s  to the north. Outcrops southwest of the ridge are granodiorite, 
with a few remnants of reddish arkosic  sandstone resting upon i t .  Granodiorite 
forms a s teep  c l i f f  at the west end of the ridge. The unconformable contact  
between granodiorite and a conglomerate-agglomerate bed that i s  the lo ca l  basal  
unit of the Boston Bay Group can be seen  near the west  end of the ridge. The 
sedimentary rocks dip eastward, and eastward along the ridge they are overlain 
by the highly altered lower v o lcan ic  flow of the Nantasket vo lcan ic  ro o k s . Near 
the e a s t  shore of the point the v o lcan ic  rock is  overlain by an agglomerate bed; 
at this place  the strata have been displaced by some small subsidiary fa u l ts ,  and 
there is  a large dike a s s o c ia te d  with the Nantasket vo lcanic  rocks .  North of the 
ridge, stratigraphically  higher units in the Boston Bay Group are exposed becau se  
of the substantia l  downward displacement of this block along the major fault that 
bounds the ridge. The fault i s  seen  bes t  at the west  shore of the point. The 
downfaulted block is  part of the northwest limb of a northeasterly plunging syn­
c l ine ;  consequently  the stratigraphically  lower units are exposed at the north 
end of the rocky point. The lower units are amygdaloidal a n d e s i te s ,  part of the 
third group of flows of the Nantasket vo lcan ic  rocks;  they are overlain by con­
glomerate and agglomerate units .
Stop N o . 3 is  at sea  c l i f f s  on the C o h a sse t  shore about half a mile 
e a s t  of Black Rock Hotel and Black Rock Beach The c l i f f s  are composed of 
granodiorite that contains orientated xenoliths  of amphibolite. The granodiorite 
is conspicuously  green owing to an abundance of chlorite  and has a foliated 
texture paralleling that of the amphibolite xen o l i th s .  Several dikes that are
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a s s o c ia te d  with the Nantasket vo lcanic  rocks are exposed in the c l i f f s ,
Stop No 4 is  on the shore near Green Hill Rock. A breakwater con­
nects  a large conglomerate outcrop or  the shore and Green Hill Rock The con­
glomerate :s  composed mainly of wave-worn cobb les  and boulders Green Hill Rock 
which can be reached by walking along the breakwater,  i s  composed of porphyritic 
andesite  of the second group of flows of the Nantasket v o lcan ic  rocks .
Stop No 5_ is at  sea  c l i f f s  on the shore about 750 feet eas t  of Long 
Beach Rock ., These  c l i f f s  are composed of a r d e s i t e s  and minor interlayered 
tuffaceous units belonging to the fourth or uppermost group of the Nantasket vol­
can ic  rocks interesting features at  this  outcrop are pillow structures ,  v o lca n ic  
bombs, and deposition of minor secondary quartz and Calcite in the volcanic  
ro ck s ,
STop No 6 is at Long Beach Rock and Atlantic Hill near the southeast  
end of Nantasket Beach Rocks at th is  p lace  are on the northeast limb of the syn­
c l in e  and dtp southeastward The uppermost unit i s  andesite  of the fourth group 
of flows and is  exposed on Atlantic Hill; it is  the highest stratigraphic unit of the 
Nantasket lo ca l i ty  The lowest unit exposed here is  tuffaceous conglomerate and 
agglomerate at the north edge of Long Beach Rock and can be seen only at low 
ride In the upper part of these  sedimentary rocks is a bed of tuffaceous red sand­
stone and a bed of banded greenish porcelaneous s h a le ,  both about a foot thick ;  
th ese  thin beds display intr icate  b r e c c iation and miniature faulting that occurred 
before the sediments were completely l ithif ied The sedimentary rocks are over- 
lam  by rather f ine-grained dense  a n d e s i te ,  of which a th ick n e ss  of about 60 feet 
is  exposed Long Beach Rock is  separated from the mainland by a narrow shingle 
b each ,  The c l i f f s  at. the north base  of Atlantic Hill are composed of bedded tuff 
containing considerable  co a rse  fragmental v o lca n ic  m ater ia l , e s p e c ia l ly  in the 
upper part of the unit, a th ick n ess  of about thirty feet  of th is  unit i s  exposed 
Above th is tuff are rather thin lenticular beds of and esite  and tuff ,  and finally  a 
thick layer of andesite  that forms most of Atlantic Hill
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